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Abstract: In December 2019, the coronavirus disease 2019 (COVID-19) pandemic attacked Wuhan,
China. The city government soon strictly locked down the city, implemented a hierarchical diagnosis
and treatment system, and took a series of unprecedented pharmaceutical and non-pharmaceutical
measures. The residents” access to the medical resources and the consequently potential demand—
supply tension may determine effective diagnosis and treatment, for which travel distance and
time are key indicators. Using the Application Programming Interface (API) of Baidu Map, we
estimated the travel distance and time from communities to the medical facilities capable of treating
COVID-19 patients, and we identified the service areas of those facilities as well. The results showed
significant differences in service areas and potential loading across medical facilities. The accessibility
of medical facilities in the peripheral areas was inferior to those in the central areas; there was spatial
inequality of medical resources within and across districts; the amount of community healthcare
centers was insufficient; some communities were underserved regarding walking distance; some
medical facilities could be potentially overloaded. This study provides reference, in the context of
Wuhan, for understanding the spatial aspect of medical resources and residents’ relevant mobility
under the emergency regulation, and re-examining the coordination of emergency to improve
future planning and utilization of medical facilities at various levels. The approach can facilitate
policymakers to assess potential loading of medical facilities, identify low-accessibility areas, and
deploy new medical facilities. It also implies that the accessibility analysis can be rapid and relevant
even only with open-source data.

Keywords: COVID-19; accessibility; medical facilities; hierarchical diagnosis and treatment sys-
tem; Wuhan

1. Introduction

In December 2019, the pandemic of coronavirus disease 2019 (COVID-19) attacked
Wuhan city, Hubei Province, China [1]. As of now, COVID-19 has spread across the
globe. Approximately 155,665,214 cases have been confirmed with 3,250,648 deaths all
around the world as of 6 May 2021. Since the outbreak, local and state governments in
China have taken a series of unprecedented measures to respond to the pandemic. In
Wauhan, strategies had been strictly implemented including lockdown not only of the public
spaces [2,3] but also communities (Xiao-qu) and sometimes even apartments until 8 April
2020 [4]. Accompanied by motor vehicle restriction in the urban area of Wuhan [5], a
hierarchical diagnosis and treatment system was strictly implemented for the allocation of
the pandemic-related medical facilities, including the fever clinics, designated hospitals,
mobile cabin hospitals (Fang-cang Shelter Hospital), and so on [6,7]. At the same time, all
the patients and people were required to follow the principle of “no cross-district treatment
and visiting the pandemic-related medical facilities nearby [8]”. Both the lockdown and
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hospital exclusively designated at the city level were relatively scarce in the history of
Chinese urban management and public health. In this way, spatial distribution and the
accessibility of medical facilities framed access and potential service affordance for the
residents of the whole city, which consequently influenced the prevention and treatment of
COVID-19 in Wuhan city.

Within the notion of Social Determinants of Health (SDOH), Donabedian (1973),
Penchansky, and Thomas (1981) provided an insightful view of the concept of “health
access” and how it intersected with the SDOH. The “Five A’s of Access” were described
in their work, and they were affordability, availability, accessibility, accommodation, and
acceptability [9,10]. The spatial disparity of medical facilities has been known as a critical
reason for unequal access to health outcomes [11]. Previous studies have proved that
effective treatments or the prevention of some diseases were related to the accessibility of
medical facilities, such as preventive health services [12,13], maternity care services [14,15],
surgical cares [16], prehospital cares [17], emergency hospitals [18], and so on. Factors
that influence accessibility, including distance from residences to medical facilities, road
conditions, and traffic modes, are usually more adverse in developing cities or rural areas.

Various metrics have been adopted for evaluating the accessibility of medical facilities
and resources, which can be classified into two categories according to different emphases.
The first category emphasizes on the visualization of service areas of medical facilities, using
distance and time as metrics [19]. Euclidean distance was a conventional metric to measure
the service area of facilities [20,21]. For simple calculation and pellucidity, this method is
still used in some planning, designs, and research, despite a probable counter fact that
pedestrians and cars seldomly travel in straight lines. After that, delineating service area
with consideration of actual road network, by using the Geographical Information System
(GIS), gradually gained momentum as an improved approach with better precision [22].
However, the collection and preparation of road network and traffic conditions, if not
vulnerable to acquisition from the authorities, are time-consuming and taxing [23-25].
In recent years, with the increasing availability of open-source data, more and more
researchers have used Application Programming Interface (API) of online mapping services,
such as the Google Map API and Baidu Map AP], to acquire the estimated travel distance
and time for detecting service areas of various travel modes [26]. Compared to the desktop
GIS network analysis, online map APIs usually have the benefits of open data accessed,
real time, and free [12,26].

The second category, based on service area delineation, emphasizes the relation
between the supply and demand for medical facilities in a certain threshold. In early
studies, the population-to-provider ratio (PPR) as a traditional indicator has been favored
among researchers and policymakers over time for its straightforward and translucent
implications for practice [21]. However, due to the neglect of cross-border healthcare-
seeking behavior, using PPR to calculate accessibility sometimes cannot be admitted as
an effective method [27,28]. More complicated measurements, such as the gravity model,
have emerged and been applied in many empirical pieces of research [29]. Kernel density
estimation (KDE) and two-step floating catchment area (2SFCA) method, as variants of
the gravity model, are widely used, with the latter receiving more attention for its better
precision [21,30,31].

Methods of the two categories are emphasized by various studies, depending on
the dimensions, phases, and data availability. Recently, a noticeable trend is that more
types of data, such as data based on location-based service (LBS), have been combined
with accessibility analysis to correlate actual population flow and distance decay effect,
etc. [26,32]

Due to the COVID-19 pandemic, spatial accessibility assessments of COVID-19 pa-
tients to healthcare facilities were studied by researchers [33-35]. In these studies, it was
believed that people living in areas of dense population or on the margins were dispropor-
tionately disadvantaged in terms of the access to medical facilities and healthcare [36,37].
There was also evidence suggesting that the unevenness of healthcare resources in China
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and other countries partly explain the high mortality rates in some areas even with a low
number of confirmed COVID-19 cases [38]. For Wuhan, researchers had previously found
that communities in the central urban areas had higher car accessibility to medical facilities,
and car accessibility in half of the communities was inappropriate for their population
size [39].

During the lockdown in Wuhan from 23 January to 8 April, 2020, the strict motor
vehicle restriction and hierarchical diagnosis within designated nearby facilities imposed
an unprecedented transportation situation to the residents and healthcare providers. The
consequently accessibility, which is critical understanding the residents’ situation, may
change significantly. The goal of this paper is to measure the real-time accessibility of
available travel modes by using the Baidu Map API, and identify underserved areas and
discern spatial disparity of facilities during the emergency lockdown of Wuhan. The
accessibility analysis of medical facilities was based on the motor vehicle restriction and
bottom—up hierarchical diagnosis and treatment system, which is unprecedented in the
history of Chinese urban management and public health. This approach can be transferable
to other cities in China or other countries, according to their local pandemic control policy.

2. Methodology

Based on the streamlined procedures of treatment and supply purchase issued by the
Wuhan Government and Wuhan Health Commission, this study estimated travel distance
and time from communities to the pandemic-related medical facilities in the urban area
of Wuhan, by using the Baidu Map AP], and it identified service areas and population, as
well as the potential capacities of those medical facilities by using the PPR-related indices.

2.1. Study Area and Objects

The study area covers the urban area of Wuhan, including eight districts as of Jiang’an
District (partial), Jianghan District, Qiaokou District, Hanyang District, Caidian District
(partial), Qingshan District, Wuchang District, and Hongshan District (partial), which
consists of 101 sub-districts (Jie-dao). With area of 695.98 km?, this study area is the geo-
graphical and economic center of Wuhan city. The population within this area accounts
for 56.3% of the total population in Wuhan (Figure 1). According to the Wuhan Govern-
ment and Wuhan Health Commission, the pandemic-related medical facilities include the
community healthcare centers, fever clinics, designated hospitals (treat and isolate severe
COVID-19 patients), mobile cabin hospitals (treat and isolate mild COVID-19 patients),
community pharmacies, and designated pharmacies (prescribe prescription medicines to
non-COVID-19 patients) (Figure 2).

2.2. Method and Indices

According to the Wuhan Government and Wuhan Health Commission, motor vehicle
restriction was implemented in the urban area from 23 January to 8 April, 2020. Except
for authority-permitted transport vehicles and buses, motor vehicles (not include bikes
and electric scooters) shall be prohibited from driving. Each community was equipped
with several emergency vehicles [5]. The Wuhan Health Commission adopted a bottom—up
hierarchical diagnosis and treatment system. All the COVID-19 patients were required to
follow the rule of nearby treating, i.e., “seeking no cross-district medical treatment and
visiting the pandemic-related medical facilities nearby [8]”. With these strict regulations,
it is relatively reliable to estimate the residents’ travel orientation-destination related to
the pandemic. Before residents visited the fever clinics, they should walk to the nearby
community healthcare centers firstly for fever screening and pre-test triage. If the commu-
nity healthcare center was too far to walk, the residents could choose to bike or take a car
provided by the community. Patients with suspicious COVID-19 symptoms would be sent
by emergency vehicles to the fever clinics for further diagnosis. Once confirmed infection of
COVID-19, the severe-symptom patients would be transported to the designated hospitals,
while the mild-symptom patients would be transported to the mobile cabin hospitals.
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Residents with chronic diseases could report to the community center, who would deliver
requested prescription medicines purchased from the designated pharmacies. The rest
residents, without the above-mentioned conditions, needed to walk or bike to the commu-
nity pharmacies nearby to pursue personal protective supplies, such as medical masks and
gloves (Figure 3).

Population

(People Per Community)

“‘._ dingshan

3 -

Figure 1. Population of communities (2010) and districts in the urban area of Wuhan [40].

Based on the medical treatment process, we built a geo-spatial database to identify

service areas and population, and potential capacities of the pandemic-related medical
facilities. The analysis procedure and relevant data are as follows:

1.

Combine the official information and online map data, mapping the geographical
locations and beds information of the medical facilities relevant to COVID-19;
Compile boundaries of all the communities (4076) in the study area of Wuhan;
Scrape travel distance and time of various travel modes from communities to commu-
nity healthcare centers, from community healthcare centers to fever clinics, from fever
clinics to design hospitals and mobile cabin hospitals, from communities to commu-
nity pharmacies and designated pharmacies (Figure 3); then, select the shortest-time
travel as the presumed one. From communities to community healthcare centers
and community pharmacies, the selections are based on walking mode, while for
the others, the selections are based on driving mode (with the Baidu Map API from
February to March, 2020) [41];

Following the treatment procedure shown in Figure 3, identify the amount of commu-
nities and service areas each pandemic-related medical facility can serve; then, overlay
the medical facilities’ service areas on the community population layer to estimate
the potential capacities of those medical facilities. Table 1 shows the relevant indices,
which are PPR-related. Due to ‘the lockdown and no cross-district medical treatment
policy’, these indices can ignore their disadvantages of neglecting the cross-border
healthcare-seeking behavior and take advantage of their merits of easy understanding
and simple calculation [21,27,28].
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Figure 2. Distribution of the pandemic-related medical facilities in the urban area of Wuhan.
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Figure 3. Treatment procedure, supply purchase, and travel modes of COVID-19 patients and residents.
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Table 1. The potential capacity indices of various medical facilities.

Medical Facility

Number Description Formula

Community healthcare
center

Fever clinic

Designated hospital

Mobile cabin hospital

Community pharmacy

Designated pharmacy

The population that community healthcare centers

297 can serve under the 5, 10, and 15 min thresholds. Service population
m The populatlgn ’Fhat each feyer clinic can serve Service population *
within the service area.
Combined with the hospital beds information, the Population-hospital bed ratio:
35 service capacity of each designated hospital within ~ Service population */The number
the service area. of hospital beds
Combined with the hospital beds information, the Population-hospital bed ratio:
11 service capacity of each mobile cabin hospital Service population */The number
within the service area. of hospital beds
The population that community pharmacies can . -
2137 serve under the 5, 10, and 15 min thresholds. Service population
38 The population that each designated pharmacy Service population *

can serve within the service area.

* Integration of communities’ population under the service area, indicating the population served by the medical facility.

Software packages and tools of Python 3.7, Baidu Map API, and ArcGIS 10.6 were
used for data collection and processing, mapping, and spatial analyzing.

3. Results
3.1. Service Areas and Potential Capacities of the COVID-19 Medical Facilities
3.1.1. Service Areas and Population of the Community Healthcare Centers

There were 16.8%, 43.6%, and 66.4% of residents in the study area could walk to the
nearest community healthcare centers within 5 min, 10 min, and 15 min. For bike riders,
the percentages were 56.4%, 91.5%, and 98.6% for the same time thresholds. Electric scooter
riders (electric scooter is a common mode of transportation in China) and car passengers
had much better accessibility, of which over 99.0% were within 10 min to the nearest
community healthcare centers (Figure 4).

1,870,709 — r100 il 0-5min
5-10 min
10 =15 min
1,496,567 80
1,122,425 — 60
Service %
Popu
748,284 — - 40
374,142 — 20
Walk Bike Electric scooter Car

Figure 4. Service population of the community healthcare centers of four travel modes.

The average and median walking time from communities to the nearby community
healthcare centers were 12.9 min and 10.9 min, respectively. Given a 15-min walking
distance, the threshold to differentiate well-served or underserved areas, 31.9% of commu-
nities were beyond 15-min walking distance to the nearest community healthcare centers,
which may be inconvenient for residents, especially for the elderly, disabled, and those
with severe symptoms. At the district level, more than 50% of the communities in Caidian
District were underserved (62.7%). At the sub-district level, over 50% of the communities
in 19 sub-districts were underserved. Four sub-districts of Zhuankou, Erqi, Tazihu, and
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Shuiguohu had as high as 70-80% of the communities underserved. Over 80% communities
in Qingchuan, Shenjiaji, and Yijia sub-districts were underserved (Figure 5).

Shenjiaiji

Walk
- 0 -5 min
5—10 min
10 =15 min

I > 15 min

Shuiguohu

Figure 5. The walking time thresholds from communities to the community healthcare centers.

3.1.2. Service Areas and Population of the Fever Clinics

At the city level, the average service area of fever clinics was 3.0 km?. The average and
median service population of all the 44 fever clinics were 42,303 and 34,180, respectively.
Among those, 33 fever clinics (and 75.0%) had the service population of <50,000; 7 fever
clinics (and 15.9%) had the service population of 50,001 to 100,000; 3 fever clinics (and
6.8%) had the service population of 100,001 to 150,000; and 1 fever clinic (and 2.2%) had the
service population >150,000. Four fever clinics of Fuyou, Hankou, Disan, and Feike had
the greatest service population of 205,843, 122,514, 117,590, and 113,105 (Figure 6). At the
district level, Hongshan District had the largest average service population (98,580), while
Qingshan District had the smallest one (13,199). The service population of fever clinics in
peripheral areas was inadequate compared with those in central areas, especially in the
Jiang’an, Jianghan, Qiaokou, and Wuchang Districts (Figure 7).

® Jiangan
@) o
. Feike ® Jianghan

@ Qiaokou

Fuyou

@ Hanyang

e o
L (@] O
}—. D‘——? W . ® Caidian
@ €] L ® o @ Qingshan
e ®
O

Hankou Wuchang

Hongshan
A Average number
o

e — R = +—r— (Service Population)

T T T T T T T T T
0 50,000 100,000 150,000 200,000

Figure 6. Service population of the fever clinics (summary unit: district) (note: a random Y-value is
set for each point to avoid overlapping of points).
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Fever Clinic (44)
Service Population
¢ 880-50,000
4 50,000 100,000
4 100,000 - 150,000

¢ 150,000 - 205,843

Figure 7. Service areas (in different colors) and service population (in different sizes) of the
fever clinics.

3.1.3. Service Areas and Population—-Hospital Bed Ratios of the Designated Hospitals

At the city level, the average service area of designated hospitals was 3.8 km2. The
average and median population-hospital bed ratios, defined as the ratio between the
total population and total number of hospital beds, were 149 and 115, respectively. The
larger the value was, the more competitive for the hospital beds. Out of the 35 designated
hospitals, the population-hospital bed ratios were as follows: 28 hospitals (and 80.0%),
<200; 5 hospitals (and 14.3%), 201 to 400; 1 hospital (and 2.9%), 401 to 600; and 1 hospital
(and 2.9%), >600. The Liugier Designated Hospital (827) and Hankou Designated Hospital
(406) ranked the most heavily burdened (Figure 8). At the district level, Hongshan District
had the highest population-hospital bed ratio (360), while the Caidian District had the
lowest one (53). The results showed that the population-hospital bed ratios of designated
hospitals were spatially inequality, especially in Jiang’an and Hongshan Districts (Figure 9).

® Jiangan
Liugier ® Jianghan
o @ Qiaokou

(@]
o 4
2 @]
’ . .Hankou @ Hariyang
t_ _.—‘ o o @ Caidian
‘ ® Qingshan
[ ) '. P

Wuchang
Hongshan
A\ Average number

t — Tt ——T—T—T——— (Population-Hospital Bed Ratio)
0 200 400 600 800

Figure 8. Population-hospital bed ratios of the designated hospitals (summary unit: district).
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Designated Hospital (35)
Population-Hospital Bed Ratio
+ 2-200
4  200-400
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Figure 9. Service areas (in different colors) and population-hospital bed ratios (in different size) of
the designated hospitals.

3.1.4. Service Areas and Population—-Hospital Bed Ratios of the Mobile Cabin Hospitals

At the city level, the average service area of mobile cabin hospitals was 12.1 km?. The
average and median population-hospital bed ratios served by each mobile cabin hospitals
were 238 and 157, respectively. Out of the 11 mobile cabin hospitals, 8 hospitals (and 72.7%),
<200; 1 hospital (and 9.1%), 201 to 400; 1 hospital (and 9.1%), 401 to 600; and 1 hospital
(and 9.1%), >600. The Wuti Mobile Cabin Hospital (807) ranked the most heavily burdened
(Figure 10). At the district level, there was only one mobile cabin hospital in Qiaokou
District, with the highest population-hospital bed ratio of 807, while also only one mobile
cabin hospital was deployed in Caidian District, with the lowest population-hospital
bed ratio of 39. There was a spatial inequality of mobile cabin hospitals across districts
(Figure 11).

3.2. Service Areas and Potential Capacities of the Pharmacies Related to Residents
3.2.1. Service Areas and Population of the Community Pharmacies

As shown in Figure 12, about 64.9%, 92.7%, and 98.3% of residents in the study area
could walk to the nearest community pharmacies within 5, 10, and 15 min. About 95.7%,
99.8%, and 99.9% of residents could ride to the nearest community pharmacies within the
same time thresholds. Over 99.0% electric scooter riders could reach the nearest community
pharmacies within 5 min.

® Jiangan
® o o ,
® Jianghan
(@] ® Qiaokou

. @ Hanyang

R @ Caidian
= = @ Qingsh
ingshan
[ J

| Wuchang
Wiy Hongshan
A Average number
+— (Population-Hospital Bed Ratio)

T T — t— — — — — t — —
0 200 400 600 800

Figure 10. Population-hospital bed ratio of the mobile cabin hospitals (summary unit: district).



ISPRS Int. ]. Geo-Inf. 2021, 10, 318

10 of 16

Mobile Cabin Hospital (11)

Population-Hospital Bed Ratio
+  3-200
200 - 400
400 - 600
600 - 807

o+

Figure 11. Service areas (in different colors) and population-hospital bed ratios (in different sizes) of
the mobile cabin hospitals.
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. 5-10min
10 - 15 min
1,496,567 - 80
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Service
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Walk Bike Electric scooter

Figure 12. Service population of the community pharmacies of three travel modes.

The average and median durations from communities to the community pharmacies of
the walking mode were 4.9 min and 3.8 min, respectively. To purchase personal protective
supplies, the most common way people travel to community pharmacies is walking.
Residents in almost all communities (97.1%) could reach the nearest community pharmacies
within a 15-min walk, except for a few communities around the Donghu (Figure 13).
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3.2.2. Service Areas and Population of the Designated Pharmacies

At the city level, the average service area of the designated pharmacies was 3.4 km?.
The average and median service population of designated pharmacies were 49,070 and
40,726, respectively. Out of the 38 designated pharmacies, 21 pharmacies (and 55.3%), had
the service population of <50,000; 12 pharmacies (and 31.6%), 50,001 to 100,000; 4 pharma-
cies (and 10.5%), 100,001 to 150,000; and 1 pharmacy (and 2.6%), >150,000. The Laobaixing
Designated Pharmacy potentially served the largest population (165,802) (Figure 14). At
the district level, the average service population of pharmacies in Wuchang District ranked
the most (62,634), while pharmacies in Caidian District averagely served the smallest
population (14,394). The results showed there were significant differences of potential
service population across the designated pharmacies, which may present challenges to
some residents, especially in Qiaokou District (Figure 15).

Figure 13. Communities in different time thresholds of the community pharmacies of walking mode.
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Figure 14. Service population of the designated pharmacies (aggregation unit: district).
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Figure 15. Service areas (in different colors) and service population (in different sizes) of the desig-
nated pharmacies.

4. Discussion

Until the mid-term shutdown for the COVID-19 pandemic in Wuhan (25 February,
2020), there were 25,220 hospital beds deployed in the study area, which was equivalent
to 430 hospital beds per thousand persons, which theoretically could accommodate the
treatment and isolation of the patients with severe and mild symptoms [42,43]. However,
the spatially uneven distribution of medical facilities may aggravate the complexity and
uncertainty of the healthcare system’s performance, especially during this unprecedented
pandemic. Detecting the accessibility pattern would be basic for effective emergency
management of adapting healthcare policies and infrastructures, even as a hindsight. Some
findings and suggestions are as follows.

First, the uneven distribution of medical resources probably presented challenges for
healthcare service in the study area of Wuhan, particularly during the pandemic, which is
presumably ubiquitous in many cities. There were palpable disparities of the distribution
of medical resources across the communities, sub-districts, and districts. Medical facilities
were less accessible in the peripheral areas of Wuhan, which have more deprived dwellers
than in the central areas. It suggests that increasing medical resources in certain areas, or
allowing cross-district inpatient when medical resources were available in other districts,
may enhance the performance of medical resources and alleviate the disparity. In the
case of residents walking from communities to the nearby community health centers,
given cross-district treatment adopted rather than no cross-district regulation, the average
walking time would drop from 12.9 min to 12.0 min, with more communities (from 68.1%
to 70.8%) within a 15-min walking distance to the community health centers.

Most communities (99.9%) in the study area of Wuhan were within 15-min electric
scooter riding or car driving distance to the community healthcare centers, where the diag-
nosis and consequent measures were taken. Nevertheless, walking should be prioritized as
the primary transportation mode since motor vehicles were restricted during the lockdown.
Given a 15-min walking distance as a threshold of accessibility, many communities in
Wuhan were underserved (31.9%). In these communities, people would be more disadvan-
taged, especially those with low mobility, such as the older adults, disabled, and COVID-19
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patients with severe symptoms. Therefore, more community healthcare centers should be
deployed to improve the residents” accessibility for timely diagnosis and treatment.

In Wuhan, communities and community healthcare centers played important roles
in the COVID-19 prevention and intervention, including fever screening, pre-test triage,
and uniform distribution of medical materials. As a basic spatial unit of the city, the
community’s function relies on inter—as well as intra—area performance, both of which
are integral for the residents’ adaption to the pandemic crisis [44]. In 2016, the State
Council of China had already advocated “Building a 15-min Community Life Circle” [45].
Such policy aimed to deploy essential public services and facilities within residents” daily
activity space. Since then, many cities in China have kick-started the implementation of
the Community Life Circle. It is evident that public health issues, especially in pandemic
emergencies, should be reconsidered and receive more attention in urban planning.

Second, no cross-district treatment controlled unpredictable patient flow, which other-
wise would address overcrowding and even turmoil. During the pandemic, a three-tier
system of community healthcare centers, fever clinics, and hospitals for COVID-19 pa-
tients had been developed in Wuhan to avoid patients’ gathering in several popular
hospitals [46]. While this measure appeared to be effective generally, we should be alert
that some healthcare centers and hospitals may confront overloading when the service
population substantially exceeded their capacity.

Before the hierarchical diagnosis and treatment system was implemented, some
popular hospitals did witness overcrowding with patients. One of the reasons can be
attributed to the strong inclination of many residents to visit the prestigious hospitals,
which was common for a long time in China. It is only possible for the residents to
prioritize community healthcare where quality service is persistently tangible in daily
life. One premise is improving the service capacity of community healthcare centers by
deploying more upgraded facilities and hiring more medical professionals. Such directive
and policy can reinforce the hierarchical diagnosis and treatment system, which actually
had been issued by State Council in 2015 [39,47]. As for this unprecedented emergency, it
appeared that a flexible healthcare system that synthetically accommodates the vertical
flow of resources and personals would be beneficial.

Third, this accessibility analysis, tailored according to the motor vehicle restriction and
hierarchical diagnosis and treatment system, provides a reference for non-pharmaceutical
interventions [3]. The pandemic control policy made it relatively explicit to predict capac-
ities of the medical facilities, which is valuable for optimizing resource allocation. This
study, despite its retrospectively perspective, demonstrates that an accessibility analysis
may detect the location of underserved areas, and overloaded hospitals and pharmacies,
identifying where pharmaceutical and non-pharmaceutical intervention should be priori-
tized. Such prediction would help the emergency coordinators and policymakers foresee
the hotspots and prepare resources in advance, especially for the underserved communities
at the city scale.

There are several limitations in this study. First, this study relied mainly upon the
Baidu Map for accessibility analysis, which means all the medical facility POIs (Points of
Interest), community boundaries, and travel distance and time were derived from this
online map. After scraping community boundaries, we, using the Baidu Map and Street
View Map, checked and supplemented them one by one, but it does not necessarily mean
all the communities were covered. Therefore, communities without complete boundary
information, communities ignored in the Baidu Map, and residents living in the areas not
defined or recorded in the Baidu Map were not all included in this study. Second, demo-
graphic data, medical facilities, resources, transportations, and more, from the authorities’
sources are often insufficient or inaccessible for researchers in a timely manner, for which
we had to resort to the Baidu Map and published studies. The population density data in
this study was of 2010, which may cause some bias of the capacity estimation. We assumed
the change of population between 2010 and 2020, which is definitely increasing, would
be spatially consistent throughout the city. Such assumption, probably the most feasible
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and reliable way for ordinary researchers, at least would not undermine the method itself.
Similarly, we had limited information, such as hospital beds from official webpages and
news. We did not have the data of the waiting time for treatment, consultation rate of
fever clinics, and deployment of doctors, staff, and medical instruments, although we
knew these resources were integral and critical for the diagnosis and treatment. Third, we
could not run a correlation analysis between accessibility and health outcomes such as
infection rates, diagnosis efficacy, and mental health, because no such data were publically
available at the community level. Fourth, this study discussed the ideal state under the
official directive of lockdown the whole city. However, the real situation, such as motor
vehicle restriction and no cross-district treatment policy, would be adapted to the pandemic
situation in Wuhan. Even with these limitations, this study implied the emerging strength
of utilizing open-source data, remote sensing by researchers, to map the accessibility of
medical facility for potential intervention.

5. Conclusions

It is promising to adopt GIS as well as open-source data to assist pandemic monitoring
and prevention, as some dashboard projects have presented. In this study, by calling the
Baidu Map API to estimate travel distance and time, the authors quickly and accurately
identified service areas of the pandemic-related medical facilities based on the hierarchical
diagnosis and treatment system. This method is basic and straightforward, which can
help policymakers to assess the service areas and potential capacities of medical facilities,
determine the siting, and predict demand for hospital beds and medical resources. Through
supporting data-based planning, the innovative modelling practice has potential to improve
the health and emergency response. This method can be transferable to other cities in
China or other countries, according to their local pandemic control policy.

6. Patents

1.  Computer Software Copyright: Walking simulation trip generator software (5161030),
Copyright Protection Center of China.

2. Computer Software Copyright: Peripheral walking routes extractor software (4353770),
Copyright Protection Center of China.

3. Computer Software Copyright: Cycling simulation trip generator software (5161237),
Copyright Protection Center of China.

4. Computer Software Copyright: Car simulation trip generator software (5054443),
Copyright Protection Center of China.

5. Computer Software Copyright: POI extractor software (5054449), Copyright Protec-
tion Center of China.

6. Computer Software Copyright: AOI extractor software (5220045), Copyright Protec-
tion Center of China.

7. Computer Software Copyright: Coordinate converter software (5607408), Copyright
Protection Center of China.
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